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SPECIFICATION 
TITLE OF THE INVENTION 
WAVELENGTH DIVISION MULTIPLEXING OPTICAL REPEATING 
TRANSMISSION METHOD AND REPEATING APPARATUS 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

The present invention relates to a wavelength 
division multiplexing optical repeating transmission 
method and a repeating apparatus suitable for use with 
an optical communication system, 

2) Description of the Related Art 

In recent years, due to drastic increase of the use 
of communication networks, a demand for further increase 
of the network capacity is increasing. Also in optical 
communication systems, it is expected that the capacity, 
speed and distance increase more than those of systems 
available at present in order to satisfy the demand for 
increase of the network capacity. 

In the present situation, practical use of a 
wavelength division multiplexing (WDM) optical 
transmission system based on the transmission speed per 
one channel of 10 Gbit/s (giga-bit/second) has been started . 
In the future, a very high-speed transmission systemhaving 
a transmission speed of 40 Gbit/s or more per one channel 
is demanded from the point of view of the demand for further 
increase of the capacity, the frequency utilization 



efficiency and the cost. 

Particularly in recent years, it is demanded to 
multi-f unctionalize an optical network system. Thus, not 
only a point-to-point transmission function but also 
functions for freely changing over the path of an optical 
signal such as an optical add/drop multiplexing (OADM) 
function and an optical cross-connect (OXC) function are 
demanded . 

Incidentally, since the refractive index of an 
optical fiber varies depending upon the wavelength, even 
if the same fiber is used, the propagation time (speed) 
of light differs among difference wavelengths. This 
phenomenon is called chromatic dispersion. In the very 
high-speed transmission system, in order to cope with the 
multi-f unctionalization of a network system together with 
such increase of the capacity described above, it is 
necessary to optimally compensate for the dispersion of 
a transmission line to optimally compensate for waveform 
degradation with a high degree of accuracy. 

It is to be noted that the following documents 
disclose techniques relating to the invention of the 
present application . 

Patent document 1 : 

Japanese Patent Laid-Open No. 2000-68931 
Patent document 2 : 
US Patent No. 6229935 

Incidentally, in an optical transmission system 



having the transmission speed of 40 Gbit/s or more which 
is demanded for the very high-speed transmission system 
described above, the chromatic dispersion tolerance is 
very small. For example, where a wavelength division 
multiplexed optical signal is transmitted using the NRZ 
(Non Return to Zero) method of the transmission speed of 
40 Gbit/s, the chromatic dispersion tolerance is less than 
approximately 70 ps/nm (picosecond/nanometer) which is 
1/16 that of a 10 Gbit/s system. 

Meanwhile, the chromatic dispersion of a 
transmission line fiber involves such factors of variation 
as the difference of the length of the transmission line, 
the dispersion in manufacture of the chromatic dispersion 
coefficient and the dispersion slope coefficient of the 
transmission line fiber and the dispersion compensating 
fiber (DCF) , and the temperature variation of the fiber 
zero-dispersion wavelength. In order to achieve long 
distance transmission by a very high-speed wavelength 
division multiplexing transmission system, it is a 
significant subject to make it possible to absorb the 
dispersion variation and suppress degradation of a 
reception waveform in a reception side terminal apparatus 
while dispersion compensation is performed with a high 
degree of accuracy at an add/drop point on an optical 
transmission line . 



SUMMARY OF THE INVENTION 



It is an object of the present invention to provide 
a wavelength division multiplexing optical transmission 
method and a repeating apparatus by which degradation of 
a reception waveform in a reception side terminal apparatus 
can be suppressed while dispersion compensation is 
performed with a high degree of accuracy at an add/drop 
point on an optical transmission line. 

In order to attain the object described above, 
according to an aspect of the present invention, there 
is provided a wavelength division multiplexing optical 
repeating transmission method for performing repeating 
transmission of a wavelength multiplexed optical signal 
along an optical transmission line interconnecting a 
terminal apparatus for transmission and a terminal 
apparatus for reception and having a repeating interval 
divided by a plurality of repeating apparatus, comprising 
steps executed by each of the repeating apparatus disposed 
at end points of the divisional repeating intervals, the 
steps including a first dispersion compensation step of 
compensating for a dispersion included in the wavelength 
multiplexed optical signal having propagated in the 
divisional repeating interval on the terminal apparatus 
side for transmission so as tobe included within a tolerance 
set in advance, an optical add/drop multiplexing step of 
performing an optical add/drop multiplexing process for 
each of wavelength components of the wavelength 
multiplexed optical signal for which the dispersion 



compensation process has been performed at the first 
dispersion compensation step, and a second dispersion 
compensation step of performing a dispersion compensation 
process with an over compensation amount for the wavelength 
multiplexed optical signal for which the optical add/drop 
multiplexing process has been performed at the optical 
add/drop multiplexing step such that the sum of the 
compensation amount at the second dispersion compensation 
step and the compensation amount at the first dispersion 
compensation step exhibits a predetermined proportion to 
the dispersion " appearing in the divisional repeating 
interval on the terminal apparatus side for transmission 
and transmitting a resulting signal to the divisional 
repeating interval on the terminal apparatus side for 
reception, the ratio of the over compensation amount at 
the second dispersion compensation step to the sum of the 
dispersion compensation amounts at the first and second 
dispersion compensation steps being set so as to gradually 
vary together with the transmission distance from the 
terminal apparatus for transmission at which the repeating 
apparatus is disposed on the light transmission line. 

Preferably, the predetermined proportion for 
performing the dispersion compensation process by the over 
compensation amount at the second dispersion compensation 
step is set so as to gradually increase or decrease together 
with the transmission distance from the terminal apparatus 
for transmission at which of the repeating apparatus is 



disposed on the light transmission line. 

The wavelength division multiplexing optical 
repeating transmission method may further comprise a 
residual dispersion compensation step executed by each 
of the repeating apparatus of compensating, where a 
residual dispersion appears in an optical signal of each 
wavelength before and after the optical add/drop 
multiplexing process at the optical add/drop multiplexing 
step, for the residual dispersion. 

The wavelength division multiplexing optical 
repeating transmission method may further comprise a 
dispersion compensation step of performing a dispersion 
compensation process which satisfies a transmission 
condition for a wavelength multiplexed optical signal to 
be transmitted in the terminal apparatus for transmission. 
In this instance, preferably the transmission condition 
relates to at least one of the kind of fiber, the 
transmission distance and the bit rate. 

According to another aspect of the present invention, 
there is provided a repeating apparatus for a wavelength 
division multiplexing optical repeating transmission 
system wherein a terminal apparatus for transmission and 
a terminal apparatus for reception are interconnected by 
an optical transmission line whose repeating interval is 
divided by a plurality of repeating apparatus to perform 
repeating transmission of a wavelength multiplexed optical 
signal, comprising a first dispersion compensation section 



for compensating for a dispersion included in the 
wavelength multiplexed optical signal having propagated 
in the divisional repeating interval on the terminal 
apparatus side for transmission so as to be included within 
a tolerance set in advance, an optical add/drop 
multiplexing section for performing an optical add/drop 
multiplexing process for each of wavelength components 
of the wavelength multiplexed optical signal for which 
the dispersion compensation process has been performed 
in the first dispersion compensation section, and a second 
dispersion compensation section for performing a 
dispersion compensation process with an over compensation 
amount for the wavelength multiplexed optical signal for 
which the optical add/drop multiplexing process has been 
performed by the optical add/drop multiplexing section 
such that the sum of the compensation amount by the second 
dispersion compensation section and the compensation 
amount by the first dispersion compensation section 
exhibits a predetermined proportion to the dispersion 
appearing in the divisional repeating interval on the 
terminal apparatus side for transmission. 

Preferably, the second dispersion compensation 
section gradually increases or decreases the predetermined 
proportion for performing the dispersion compensation 
process by the over compensation amount together with the 
transmission distance from the terminal apparatus for 
transmission at which the repeating apparatus is disposed 



on the light transmission line. 

At least one of the first and second dispersion 
compensation sections may be formed from a variable 
dispersion compensation apparatus which can vary a set 
value for a dispersion compensation amount. 

The repeating apparatus may further comprise a 
dispersion slope compensation apparatus for compensating 
for a dispersion slope regarding a wavelength multiplexed 
optical signal to be inputted to the optical add/drop 
multiplexing section or a wavelength multiplexed optical 
signal outputted from the optical add/drop multiplexing 
section of a different one of the plural repeating 
apparatus . 

The repeating apparatus may further comprise a 
dispersion compensator for compensating for a residual 
dispersion amount with respect to a dispersion 
compensation amount in the first or second dispersion 
compensation section for each optical signal of an 
individual channel added/dropped by the optical add/drop 
multiplexing section . 

In the wavelength division multiplexing optical 
repeating transmission method and the repeating apparatus 
of the present invention, after the first dispersion 
compensation section compensates for a dispersion included 
in a wavelength multiplexed optical signal having 
propagated in a divisional repeating interval on the 
terminal apparatus side for transmission so as to be 
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included within a tolerance set in advance (first 
dispersion compensation step) , an optical add/drop 
multiplexing process can be performed for each of 
wavelength components of the wavelength multiplexed 
optical signal (optical add/drop multiplexing step) . 
Therefore, the chromatic dispersion of those optical 
signals to be received by a local station can be optimized 
to improve the characteristic of the reception optical 
signals. Further, the ratio of the over compensation 
amount at the second dispersion compensation step to the 
sum of the dispersion compensation amounts at the first 
and second dispersion compensation steps can be set so 
as to gradually vary (increase or decrease) together with 
the transmission distance from the terminal apparatus for 
transmission at which the repeating apparatus is disposed 
on the light transmission line . Therefore, the wavelength 
degradation of the optical signals of individual 
wavelengths to be received by the terminal apparatus for 
reception can be compensated for optimally. 

Further, where a residual dispersion appears in an 
optical signal of each wavelength before and after the 
optical add/drop multiplexing process at the optical 
add/drop multiplexing step, the residual dispersion can 
be compensated for at the residual dispersion compensation 
step . Consequently, there is an advantage that cumulative 
increase of the residual dispersion slope together with 
increase of the transmission distance can be prevented. 



Further; there is another advantage that a displacement 
of the dispersion amounts between optical signals to be 
inputted from a local station to a repeating apparatus 
can be adjusted together with the displacement of the 
dispersion amount between optical signals of different 
wavelengths to be signaled from the repeating apparatus 
to the local station. 

The above and other objects, features and advantages 
of the present invention will become apparent from the 
following description and the appended claims, taken in 
conjunction with the accompanying drawings in which like 
parts or elements are denoted by like reference characters . 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system according to a first embodiment of the present 
invention; 

FIG. 2 is a block diagram showing part of a repeating 
apparatus according to the first embodiment of the present 
invention; 

FIG. 3 is a diagrammatic view illustrating a mode 
of dispersion compensation of the wavelength division 
multiplexing optical repeating transmission system 
according to the first embodiment of the present invention; 

FIG. 4 is a flow chart illustrating operation of 
the repeating apparatus according to the first embodiment 
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of the present invention; 

FIG. 5 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system and illustrating operation and an effect of the 
first embodiment of the present invention; 

FIG. 6 is a diagrammatic view illustrating a mode 
of dispersion compensation of the wavelength division 
multiplexing optical repeating transmission system shown 
in FIG. 5; 

FIG. 7 is a diagrammatic view illustrating an effect 
of the dispersion compensation by the mode illustrated 
in FIG. 6; 

FIGS. 8(a) to 8(c) are diagrams illustrating an 
effect of the dispersion compensation by the mode shown 
in FIG. 6; 

FIG. 9 is a graph illustrating an effect of the 
dispersion compensation by the mode illustrated in FIG. 6; 

FIG. 10 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system where the number of repeating apparatus is 5 in 
the first embodiment of the present invention; 

FIG. 11 is a diagrammatic view illustrating a mode 
of dispersion compensation of the wavelength division 
multiplexing optical repeating transmission system shown 
in FIG. 10; 

FIG. 12 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
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system according to a first modification to the first 
embodiment of the present invention; 

FIG. 13 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system according to a second modification to the first 
embodiment of the present invention; 

FIG. 14 is a diagrammatic view illustrating a mode 
of dispersion compensation of the wavelength division 
multiplexing optical repeating transmission system shown 
in FIG. 13; 

FIG. 15 is a diagrammatic view illustrating another 
mode of dispersion compensation of the wavelength division 
multiplexing optical repeating transmission system shown 
in FIG. 13; 

FIG. 16 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system according to a third modification to the first 
embodiment of the present invention; 

FIG. 17 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system according to a fourth modification to the first 
embodiment of the present invention; 

FIG. 18 is a diagrammatic view illustrating a mode 
of dispersion compensation of the wavelength division 
multiplexing optical repeating transmission system shown 
in FIG. 17; 

FIG. 19 is a block diagram showing a wavelength 
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division multiplexing optical repeating transmission 
system according to a second embodiment of the present 
invention; and 

FIG. 20 is a diagrammatic view illustrating a mode 
of dispersion compensation of the wavelength division 
multiplexing optical repeating transmission system shown 
in FIG. 19. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following, embodiments of the present 
invention are described with reference to the drawings. 
[A] First Embodiment 

FIG. 1 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system lA according to a first embodiment of the present 
invention. Referring to FIG . 1, in the wavelength division 
multiplexing optical repeating transmission system lA 
shown, a terminal apparatus 10 for transmission and a 
terminal apparatus 20 for reception are interconnected 
by an optical transmission line 40. The wavelength 
division multiplexing optical repeating transmission 
system lA performs repeating transmission of a wavelength 
division multiplexed optical signal of, for example, 40 
Gbit/s per one wave. The optical transmission line 40 is 
divided into N repeating intervals 40-1 to 40-N by N-1 
repeating apparatus 30-1 to 30- (N-1). 

Further, the wavelength division multiplexing 
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optical repeating transmission system lA can perform an 
add/drop multiplexing process of an optical signal of each 
wavelength component in a transmission unit of each of 
the repeating intervals 40-1 to 40-N described above and 
5 transmit a wavelength divisionmultiplexed optical signal . 

Here, the repeating apparatus 30-1 to 30-(N-l) have 
a function for performing an add/drop multiplexing process 
for a wavelength division multiplexed optical signal as 
inline repeating sections positioned at end points (end 

10 points on the transmission side or the reception side) 

of the repeating interval 40-1 to 40-N. It is to be noted 
that the repeating apparatus 30-1 to 30-(N-l) have a 
characteristic configuration of the present invention 
hereinafter described . 

15 The repeating interval 40-1 is an interval connected 

by an optical fiber 41-1 between the optical transmission 
terminal apparatus 10 and the repeating apparatus 30-1. 
The repeating intervals 40-2 to 40-(N-l) are intervals 
connected by optical fibers 41-2 to 41-(N-1) between the 

20 repeating apparatus 30-1 to 30- (N-1) adjacent to each other, 

respectively. The repeating interval 40-N is an interval 
connected by an optical fiber 41-N between the repeating 
apparatus 30- (N-1) and the optical terminal apparatus 20 
for reception. 

25 The terminal apparatus 10 for transmission includes 

a plurality of (44 in the case shown) optical transmission 
sections 11-1 to 11-44, a multiplexer 12 and an amplifier 
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13. The forty-four optical transmission sections (Tx#l 
to Tx#44) 11-1 to 11-44 output optical signals having 
wavelengths Xi to A 44 different from one another, 
respectively. In other words, forty-four different 
optical signals having wavelengths different from one 
another can be outputted from the forty-four signal light 
sources 11-1 to 11-44. 

The multiplexer 12 performs a wavelength division 
multiplexing process for the forty-four optical signals 
having wavelengths different from one another and outputs 
a resulting signal. The amplifier 13 amplifies and 
transmits the wavelength division multiplexed optical 
signal from the multiplexer 12 to the optical transmission 
line 40. It is to be noted that, while it is possible to 
provide a dispersion compensation function to the 
amplifier 13, in the first embodiment, a dispersion 
compensation process is not performed in the terminal 
apparatus 10 for transmission (compensation amount DCT 
= 0) . 

The repeating apparatus 30-1 to 30-(N-l) 
individually include an amplifier 31, a first dispersion 
compensator 32, an optical demultiplexer 33, an optical 
multiplexer 34, a second dispersion compensator 35 and 
an amplifier 36 as shown in FIG. 2 . It is to be noted that, 
in FIG. 2, the components of the repeating apparatus 30-1 
to 30-(N-l) are denoted by common reference numerals 31 
to 36. Further, components also of local stations 
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connected to the repeating apparatus 30-1 to 30-(N-l) are 
denoted by common reference characters 51-1 to 51-n. 

The amplifier 31 amplifies a wavelength division 
multiplexed optical signal transmitted through the 
repeating interval (where the repeating point is the 
repeating apparatus 30-1, the repeating interval 40-1) 
on the terminal apparatus 10 side for transmission. 

The first dispersion compensator 32 is formed from, 
for example, a dispersion compensation fiber (DCF) or the 
like and optimally compensates for chromatic dispersion 
regarding the wavelength division multiplexed optical 
signal from the amplifier 31. Further, the first 
dispersion compensator 32 can be formed from, for example, 
such a dispersion compensation fiber (DCF) which can 
perform dispersion compensation with a compensation amount 
suitable for the repeating apparatus 30-1 to 30-(N-l) as 
hereinafter described . 

Further, the first dispersion compensator 32 
performs the dispersion compensation process with a 
compensation amount DCLa for suppressing the dispersion 
in a wavelength of an intermediate waveband (^22 in Xi 
to X 44 disposed for the individual wavelengths ) which forms 
a wavelength division multiplexed optical signal to a 
dispersion tolerance or less [for example, 0 (zero)]. 
Consequently, an optical signal for which a wavelength 
division demultiplexing process is to be performed by the 
optical demultiplexer 33 hereinafter described and 
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outputted to a local station 50-1 to 50-n has a dispersion 
amount optimally compensated for and has waveform 
degradation compensated for. 

Accordingly, the first dispersion compensator 32 
described above functions as a first dispersion 
compensation section for compensating for the dispersion 
which appears in the optical transmission line in the 
repeating interval on the terminal apparatus 10 for 
transmission side so as to be included within a tolerance 
set in advance. 

The optical demultiplexer 33 performs a wavelength 
division demultiplexing process for a wavelength division 
multiplexed optical signal having dispersion compensated 
for by the first dispersion compensator 32, and outputs 
resulting signals to the optical multiplexer 34 or 
reception sections 51R of the local stations 50-1 to 50-n 
depending upon the demultiplexed wavelength components . 
In particular, from among the optical signals obtained 
by the wavelength division demultiplexing process 
performed by the optical demultiplexer 33, an optical 
signal allocated as a reception signal wavelength for each 
of the local stations 50-1 to 50-n is outputted to the 
reception section 51R of the local station 50-1 to 50-n 
(dropping multiplexing process ) while each optical signal 
having any other wavelength than the reception signal 
wavelengths just described is outputted to the optical 
multiplexer 34. 
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The optical multiplexer 34 performs a wavelength 
division multiplexing process for the optical signals from 
the optical demultiplexer 33 and the optical signals 
(optical signals whose wavelengths are allocated 
5 individually to the local stations 50-1 to 50-n) outputted 

from transmission sections 51T of the local stations 50-1 
to 50-n and outputs a resulting signal (add multiplexing 
process) . Accordingly, the optical demultiplexer 33 and 
the optical multiplexer 34 described above function as 

10 an optical add/drop multiplexing section for performing 

an optical add/drop multiplexing process for the 
wavelength division multiplexed optical signal for which 
the dispersion compensation process has been performed 
by the first dispersion compensator 32 for the individual 

15 wavelength components. 

Further, also the second dispersion compensator 35 
is formed from a dispersion compensation fiber (DCF) or 
the like. The second dispersion compensator 35 performs 
a dispersion compensation process for the wavelength 

20 division multiplexed optical signal for which the optical 

add/ drop multiplexing process has been performed and which 
has been outputted from the optical multiplexer 34 with 
an over compensation amount DCLb so that the sum of the 
compensation amount therein and the compensation amount 

25 in the first dispersion compensator 32 may exhibit a 

predetermined proportion to the dispersion appearing in 
the repeating interval 40-1 to 40-(N-l) on the terminal 



apparatus 10 side for transmission. The second dispersion 
compensator 35 thus functions as a second dispersion 
compensation section . 

The amplifier 36 amplifies a wavelength division 
multiplexed optical signal for which the dispersion 
compensation process with the over compensation amount 
has been performed by the second dispersion compensator 
35 and transmits a resulting signal to the repeating 
interval (where the repeating point is the repeating 
apparatus 30-1, to the repeating interval 40-1) on the 
terminal apparatus 20 side for reception. 

Consequently, for example, in the repeating 
apparatus 30-1, the first dispersion compensation process 
by the first dispersion compensator 32, the optical 
add/drop multiplexing process by the demultiplexer 33 and 
multiplexer 34 and the second dispersion compensation 
process by the second dispersion compensator 35 are 
performed for a wavelength division multiplexed optical 
signal from the repeating interval 40-1 on the terminal 
apparatus 10 side for transmission. Then, a resulting 
signal is signaled to the repeating interval 40-2 in the 
following stage. 

Also in the repeating apparatus 30-2, the first 
dispersion compensation process, optical add/drop 
multiplexing process and second dispersion compensation 
process similar to those in the repeating apparatus 30-1 
just described are performed for a wavelength division 
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multiplexed optical signal transmitted from the repeating 
apparatus 30-1 through the repeating interval 40-2, and 
then a resulting signal is signaled to the repeating 
interval 40-3 in the following stage. 
5 Thereafter, also in each of the repeating apparatus 

30-3 to 30-(N-l), the processes similar to those in the 
repeating apparatus 30-1 described above are performed, 
and a resulting wavelength division multiplexed optical 
signal is signaled to the repeating interval 40-4 to 40-N 

10 in the following stage. 

Now, the dispersion compensation amounts DCLa and 
DCLb used in the first and second dispersion compensators 
32 and 35 in each of the repeating apparatus 30-lto30-(N-l) 
are described in detail. It is to be noted that, in the 

15 repeating apparatus 30-1 to 30-(N-l), a compensation 

amount is derived with reference to a dispersion amount 
in the intermediate wavelength /I 22. Further, in each of 
the repeating apparatus 30-1 to 30-(N-l), also regarding 
optical signals having the other wavelength bands A. 1 to 

20 X 21 and ^ 23 to X 44/ the collective dispersion compensation 

processes are performed with the derived compensation 
amount as described below while the optical signals are 
in the state of a wavelength division multiplexed optical 
signal. Further, a dispersion compensation process with 

25 a dispersion slope taken into consideration is performed 

for each of optical signals having different wavelengths 
in the terminal apparatus 20 for reception hereinafter 
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described . 

First, an optimum dispersion compensation amount 
DCLa#l in the first dispersion compensator 32 in the 
repeating apparatus 30-1 described above can be 
represented, where the dispersion amount appearing in an 
optical signal having the intermediate wavelength X zz in 
the repeating interval 40-1 is Di, for example, as an 
expression [la] given below. Consequently, in the first 
dispersion compensator 32 in the repeating apparatus 30-1, 
the chromatic dispersion appearing in the optical signal 
having the intermediate wavelength A 22 in the repeating 
interval 40-1 can be suppressed to zero (refer to a point 
Ciof FIG. 3) . Here, the compensation amount of dispersion 
is a dispersion amount for reducing the chromatic 
dispersion appearing in a wavelength division multiplexed 
optical signal and has a negative value. 

DCLa#l = -Di ... [la] 

Further, as represented by an expression [lb] given 
below, the over compensation amount DCLb#l in the second 
dispersion compensator 35 in the repeating apparatus 30-1 
can be set as a value obtained by converting a value 
calculated by multiplying a dispersion amount Di appearing 
in the intermediate wavelength A 22 in the repeating 
interval 40-1 described above by a constant proportion 
jS into a negative value (refer to FIG. 3) . 

DCLb#l = - ( i3 X Di) = - /3 Di ... [lb] 

Further, an optimum dispersion compensation amount 
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DCLa#2 in the first dispersion compensator 32 in the 
repeating apparatus 30-2 described above can be 
represented, where it is assumed that the dispersion amount 
D2 appearing in an optical signal having the intermediate 
wavelength X 22 originates from the repeating interval 40-2 , 
for example, as an expression [2a] given below. 

In particular, the dispersion amount of the optical 
signal having the intermediate wavelength X 22 at the point 
of time wherein this optical signal is signaled from the 
repeating apparaitus 30-1 to the repeating interval 40-2 
is equal to a value indicated by the expression [lb] . 
Therefore, the value just described to which a dispersion 
amount D2 is added is a dispersion amount which is to be 
compensated for in the first dispersion compensator 32 
in the repeating apparatus 30-2 (refer to FIG. 3) . It is 
to be noted that an actual compensation amount is obtained 
by converting the value of the dispersion amount into a 
negative value. 

DCLa#2 = -(-jSDi + D2) = i3 Di - D2 ... [2a] 

Further, as represented by an expression [2b] given 
below,' an over compensation amount DCLb#2 in the second 
dispersion compensator 35 in the repeating apparatus 30-2 
can be set as a value obtained by converting a value 
calculated by multiplying the sum total D1+D2 of the 
dispersion amount appearing in the two repeating intervals 
40-1 and 40-2 described above by the constant proportion 
^ into a negative value (refer to FIG. 3) . 
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DCLb#2 = -{jS X (Di + D2)} = - j3 (Di + D2) ... [2b] 
Also a dispersion compensation amount and an over 
compensation amount in each of the first and second 
dispersion compensators 32 and 35 in the repeating 
apparatus 30-3 to 30-(N-l) can be calculated similarly 
to those in the repeating apparatus 30-1 and 30-2 described 
above . 

An expression [3a] represents an optimum dispersion 
compensation amount DCLa#i to be used for the compensation 
in the first dispersion compensator 32 in the repeating 
apparatus 30-i [i; 2 to (N-1)]. In the first dispersion 
compensator 32 in the repeating apparatus 30-2 to 30- (N-1 ) , 
the chromatic dispersion appearing in the optical signal 
having the intermediate wavelength X 22 in the repeating 
apparatus 40-2 to 40-{N-l) in the preceding stage can be 
suppressed to zero (refer to points C2 to Cn-i of FIG. 3) . 

Further, an expression [3b] represents an over 
compensation amount DCLb#i to be used for the compensation 
in the second dispersion compensator 35 in the repeating- 
apparatus 30-i [i; 2 to (N-1)] (refer to FIG. 3). In 
particular, the over compensation amount DCLb#i can be 
set as a value obtained by converting a value calculated 
by multiplying the sum total of the dispersion amounts 
appearing in the repeating intervals 40-1 to 40-(i-l) by 

the constant proportion j3 into a negative value (refer 
to FIG. 3) . 
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i-l 

DCLa#i = j3Y,Dj-D. ... [3a] 

DCLb#i = -J3Y,D. ... [3b] 

In particular, by using tlie dispersion Di appearing 
in tlie intermediate wavelengtli X 22 of tlie wavelengtli 
division multiplexed optical signal propagated tlirougli 
tlie repeating interval 40- (i-l) and a cumulative value 
of tlie compensation amounts in tlie repeating intervals 
40-1 to 40- (i-l), the optimum dispersion compensation 
amount DCLa#i in the first dispersion compensator 32 can 
be derived. Further, as given by the expression [3b] above, 
the over compensation amount increases (the absolute value 
in the expression [3b] increases) as the transmission 
distance from the terminal apparatus 10 for transmission 
increases . 

Further, the ratio Ri of the dispersion compensation 
amount in the second dispersion compensator 35 to the sum 
of the dispersion compensation amounts in the first and 
second dispersion compensators 32 and 35 in the repeating 
apparatus 30-1 described above is calculated as given by 
an expression [4-1] below. Further, the ratio Ri of the 
dispersion compensation amount in the second dispersion 
compensator 35 to the sum of the dispersion compensation 
amounts in the first and second dispersion compensators 
32 and 35 in the repeating apparatus 30-i is calculated, 
using results of the expressions [3a] and [3b], as given 
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by an expression [4-i] below. It is to be noted that also 
this expression [4-i] is applicable where i = 1 (that is, 
Ri) . 

-pD, B 
/?, = ^ ^ ' — = ... [4-1] 

-PD,-D, + l 



r—T^t^ - C4-i) 



Here, the preceding term which does not include the 
Sigma term of the expression obtained in the expression 
[4-i] has a constant value while the succeeding term has 
a value which gradually increases together with the 
transmission distance (as the value of i increases) (Di 
> 0) . In particular, the ratio Ri of the over compensation 
amount in the second dispersion section 35 to the sum of 
the dispersion compensation amounts in the first and second 
dispersion compensators 32 and 35 is set so as to gradually 
vary (gradually increase) together with the transmission 
distance from the terminal apparatus 10 for transmission 
in which the repeating apparatus 30-i is arranged. 

It is to be noted that to gradually increase signifies 
a phenomenon that the ratio Ri of the over compensation 
amount gradually increases together with the transmission 
distance from the terminal apparatus 10 for transmission 
without decreasing intermediately. Further, as 

hereinafter described, since the ratio of the over 
compensation amount in the second dispersion compensator 
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35 to the sum of the dispersion compensation amounts of 
the first and second dispersion compensators 32 and 35 
is set as the gradually increasing proportion Ri, the 
waveform degradation in the terminal apparatus 20 for 
5 reception canbe suppressedmore than that in an alternative 

case wherein the ratio is constant. 

Incidentally, a configuration of the terminal 
apparatus 20 for reception is described just below. The 
terminal apparatus 20 for reception includes a dispersion 

10 compensator/amplifier 21, a demultiplexer 22 , forty-four 

variable dispersion compensators (VDC) 23-1 to 23-44 and 
forty-four optical reception sections 24-1 to 24-44. 

The dispersion compensator/amplifier 21 amplifies 
a wavelength division multiplexed optical signal inputted 

15 through the repeating interval 40-N and compensates for 

the dispersion Dn appearing in the wavelength division 
multiplexed optical signal propagated through the 
repeating interval 40-N with the compensation amount DCR 
cooperating with a cumulative value of the over 

20 compensation amount in the repeating intervals 40-1 to 

4 0-N. It is to be noted that also the value of the dispersion 
Dn just mentioned is a dispersion value appearing in the 
intermediate wavelength band /I 22 . 

In particular, the dispersion amount of the 

25 intermediate wavelength band X 22 at the time point at which 

the wavelength division multiplexed optical signal is 
signaled from the repeating apparatus 30-(N-l) to the 
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repeating interval 40-N is DCLb#(N-l) (refer to the 
expression [3b] ) . Accordingly, the compensation amount 
DCR for the chromatic dispersion of the optical signal 
of the intermediate wavelength X 22 to be reduced to zero 
by the dispersion compensator /amplifier 21 can be given 
as an expression [5] using the dispersion value Dwdescribed 
above (refer to FIG. 3) . 

DCR = -(-fij;^D.+D^)=:-D^+fif;^D. ... [5] 

The demultiplexer 22 wavelength demultiplexes a 
wavelength division multiplexed optical signal from the 
dispersion compensator/amplifier 21 into forty-four 
different wavelength components. The variable 

dispersion compensators 23-1 to 23-44 individually 
compensate for residual dispersions appearing in the 
optical signals wavelength demultiplexed by the 
demultiplexer 22. Consequently, an influence of 
dispersion slopes having dispersion amounts different 
among different wavelengths can be eliminated and 
dispersion values of the optical signals of the wavelengths 
can be reduced to zero which is an optimum value. 

The optical reception sections 24-1 to 24-44 perform 
a reception process for the optical signals whose 
dispersion values of the wavelengths have been optimally 
compensated for by the variable dispersion compensators 
23-1 to 23-44, respectively. 

Since the wavelength division multiplexing optical 
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repeating transmission system lA in the first embodiment 
of the present invention has the configuration described 
above, it compensates for dispersion of a wavelength 
division multiplexed optical signal and compensates, 
regarding optical signals dropped by the repeating 
apparatus 30-1 to 30-(N-l), for dispersion of them with 
optimum compensation amounts as hereinafter described. 

First;, while the terminal apparatus 10 for 
transmission signals a wavelength division multiplexed 
optical signal wherein the forty-four different 
wavelengths X i to A 44 are wavelength division multiplexed, 
chromatic dispersion arising from propagation of the 
optical signal in an optical fiber does not appear at this 
point of time. 

Further, in each of the repeating apparatus 30-1 
to 30-(N-l) positioned at end points of individual 
repeating intervals, as shown in a flow chart of FIG. 4, 
the dispersion included in the wavelength division 
multiplexed optical signal propagated in the repeating 
interval 40-1 to 40-(N-l) on the terminal apparatus 10 
side for transmission is compensated for so as tobe included 
within a tolerance set in advance by the first dispersion 
compensator 32 (first dispersion compensation step, step 
SI) . In particular, the dispersion of the wavelength 
division multiplexed optical signal is compensated for 
(with the compensation amount DCLa) so that the dispersion 
of the intermediate wavelength X 22 may be reduced to zero 
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as described hereinabove. 

Then, the optical add/drop multiplexing process is 
performed for the wavelength division multiplexed optical 
signal whose dispersion has been compensated for at the 
5 first dispersion compensation step by the demultiplexer 

33 and multiplexer 34 (optical add/drop multiplexing step, 
step S2) . In particular, the optical signal for which the 
optical add/drop multiplexing process has been performed 
is in a state where the dispersion thereof is optimally 

10 compensated for. Therefore, an optical signal whose 

waveform degradation is optimally compensated for can be 
received by the local stations 50-1 to 50-n. 

Further, the second dispersion compensator 35 
performs the dispersion compensation process with the over 

15 compensation amount DLCb for the wavelength division 

multiplexed optical signal for which the optical add/drop 
multiplexing process has been performed at the optical 
add/drop multiplexing step and whose dispersion has been 
compensated for so as to be included within the tolerance 

20 described above so that the sum of the compensation amount 

in the first dispersion compensator 32 and the compensation 
amount in the second dispersion compensator 35 exhibits 
a predetermined proportion to the sum total of the 
dispersion appearing in the repeating intervals, and 

25 transmits a resulting signal to the repeating interval 

on the reception terminal apparatus side (second 
dispersion compensation step, step S3) . 
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At this time, the preceding repeating apparatus 
(30-1) in two repeating apparatus (for example, the 
repeating apparatus 30-1 and 30-2) adjacent each other 
on the transmission line 40 signals the first wavelength 
division multiplexed optical signal for which the 
dispersion compensation process has been performed with 
the over compensation amount described above by the second 
dispersion compensator 35 to the repeating interval 30-2 
on the terminal apparatus 20 side for reception (second 
dispersion compensation step) . The succeeding repeating 
apparatus 30-2 compensates for the dispersion included 
in the first wavelength division multiplexed optical 
signal so as to be included within a tolerance set in advance 
(first dispersion compensation step) . 

Further, in the repeating apparatus 30-i [i; 1 to 
(N-1)], the ratio Ri of the over compensation amount in 
the first dispersion compensator 32 to the compensation 
amount in the second dispersion compensator 35 when the 
dispersion compensation process is performed is set so 
as to gradually increase together with the transmission 
distance from the terminal apparatus 10 for transmission 
on the optical transmission line 40 to the repeating 
apparatus 30-i. Therefore, the waveform degradation of 
the optical signals of the wavelengths to be received by 
the terminal apparatus 20 for reception can be optimally 
compensated for. 

Further, where residual dispersion appears in the 
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wavelength division multiplexed optical signal received 
by the terminal apparatus 20 for reception, the variable 
dispersion compensators 23-1 to 23-44 compensate for the 
residual dispersion for the individual optical signals 
5 of the wavelengths • 

FIGS . 5 to 7, 8 (a) to 8 (c) and 9 are views illustrating 
that, in the wavelength division multiplexing optical 
repeating transmission system lA described above with 
reference to FIG. 1, the waveform degradation of the 
10 wavelength division multiplexed optical signal to be 

received by the terminal apparatus 20 for reception can 
be optimally compensated for by the process with the oyer 
compensation amount in the repeating apparatus 30-1 to 
30- (N-1) . 

15 Here, in a wavelength division multiplexing optical 

repeating transmission system 3 shown in FIG. 5, the 
terminal apparatus 10 for transmission and the terminal 
apparatus 20 for reception are connected to each other 
by an optical transmission line 70 to perform linear 

20 repeating transmission of a wavelength division 

multiplexed optical signal. In the optical transmission 
line 70, repeating intervals (spans) 70-1 to 70-6 thereof 
are individually delimited by five linear repeating 
sections 60-1 to 60-5. Further, the repeating intervals 

25 70-1 to 70-6 are formed from optical fibers 71-1 to 71-6 

having a length of approximate 100 km, respectively. 

In particular, different from the wavelength 
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division multiplexing optical repeating transmission 
system lA in the first embodiment shown in FIG. 1, the 
wavelength division multiplexing optical repeating 
transmission system 3 includes not the repeating apparatus 
30-1 to 30-(N-l) but the linear repeating sections 60-1 
to 60-5 which do not have an optical add/drop multiplexing 
function. It is to be noted that , in FIG. 5, substantially 
like elements to those in FIG. 1 are denoted by like 
reference characters . 

Further, the linear repeating sections 60-1 to 60-5 
individually include an amplifier 61 and a dispersion 
compensator 62. Similarly as in the repeating apparatus 
30-1 to 30-(N-l), the dispersion compensator 62 
compensates for a dispersion amount on a transmission line 
in the corresponding repeating interval with an over 
compensation amount and transmits a resulting signal to 
a succeeding one of the repeating intervals 70-2 to 70-6. 

In this instance, where, in the linear repeating 
sections 60-1 to 60-5, a compensation process with 114 % 
is cumulatively performed for the transmission line 
dispersion amount D of the intermediate wavelength band 
X 22 in the preceding repeating intervals 70-1 to 70-5 (where 
14 % of the dispersion amount D is used as an over 
compensation amount [dispersion shear amount] A Dl in the 
compensation, refer to FIG. 6) , over compensation amounts 
cumulated in the linear repeating sections 60-1 to 60-5 
are ADl, 2ADl, 3ADl, 4ADl, and5ADL, respectively. In 
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particular, similarly as in the first embodiment described 
above, the over compensation amounts cumulated in the 
repeating sections 60-1 to 60-5 are set so as to gradually 
increase together with the transmission distance from the 
5 terminal apparatus 10 for transmission. 

As described above, the repeating intervals 70-1 
to 70-5 are formed from a single mode fiber (SMF) having 
a length of approximately 100 km, and therefore, the 
transmission line dispersion amounts in the repeating 

10 intervals 70-1 to 70-5 can be controlled to the dispersion 

amounts D substantially equal to each other. In this 
instance, the expression [4-i] given hereinabove can be 
represented as an expression [4'] as given below. It is 
to be noted that, where the over compensation process is 

15 performed by the second dispersion compensator 35 ( jS > 

0), this value can be considered to gradually increase 
together with the transmission distance from the terminal 
apparatus 10 for transmission. 

YD,=—^xi ... [4'] 

' DXl^P)j^, ^ (1 + /?) 

20 In the wavelength division multiplexing optical 

repeating transmission system 3 having such a 
configuration as described above, where the wavelength 
degradation of the wavelength divisionmultiplexed optical 
signal to be received by the terminal apparatus 20 for 

25 reception is compared between the case wherein, in the 

linear repeating sections 60-1 to 60-5, the compensation 

33 



process is performed for the transmission line dispersion 
amount D in the intermediate wavelength band X 22 described 
above for each 1 span with, for example, a dispersion 
compensation coefficient of 114 % (where 14 % of the 
dispersion amount D is used as the over compensation amount 
[dispersion shear amount] A Dl in the compensation, refer 
to FIG. 6) and an alternative case wherein such a dispersion 
compensation process as seen in FIG. 7 is performed, such 
a result as described below is obtained. 

Here, in FIG. 7, the linear repeating sections 60-1 
to 60-5 in a wavelength division multiplexing optical 
repeating transmission system lA' having a configuration 
similar to that shown in FIG. 5 perform a dispersion 
compensation process with a dispersion compensation 
coefficient of 100 % for transmission line dispersion 
amounts Ai to A5 appearing in the intermediate wavelength 
band X 22 in the repeating intervals 70-1 to 70-5 without 
performing the over compensation process, and transmit 
a wavelength division multiplexed optical signal having 
dispersion amounts optimally compensated for as indicated 
by reference characters Bl to B5 to the terminal apparatus 
20 for reception. 

At this time, where the waveform degradations of 
the wavelength division multiplexed optical signal to be 
received by the terminal apparatus 20 for reception are 
compared with each other in a case wherein the settings 
for the dispersion compensation process in the linear 
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repeating sections 60-1 to 60-5 are determined as shown 
in FIG. 6 or 1, such results of the comparison as seen in 
FIGS. 8(a) to 8(c) are obtained. 

FIGS. 8(a) to 8(c) are views illustrating results 
of comparison of the Q penalty (degradation amount of a 
Q value which represents a waveform characteristic) with 
respect to the residual dispersion (total dispersion 
amount of the transmission line and the dispersion 
compensators) regarding the cases wherein the dispersion 
compensation processes illustrated in FIGS. 6 and 7 are 
performed . 

Here, the Q penalty is a difference between the 
back-to-back value of the Q value and the value of the 
Q value after transmission through the transmission line. 
The Q value is a value obtained by dividing, where an optical 
signal waveform is converted into an electric signal to 
obtain an eye pattern and a cross section of the eye is 
taken in a longitudinal direction at the center of the 
eye, the sumof a standard deviation of a sample distribution 
on the '"1" side and a standard deviation of a sample 
distribution on the ''0" side by the distance between the 
center of the ''.1'' side sample distribution and the center 
of the ""0" side sample distribution. 

Here, FIG. 8 (a) shows an example where the Q penalty 
is plotted for all of the residual dispersion values. 
Further, points indicated by black triangles indicate a 
distribution of the residual dispersion value when the 
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114 % dispersion compensation process illustrated in 
FIG. 6 is performed while points indicated by black squares 
indicate a distribution of the residual dispersion value 
when the 100 % dispersion compensation process illustrated 
in FIG. 7 is performed. Further, FIG. 8(b) shows an eye 
pattern where the 114 % dispersion compensation process 
illustrated in FIG. 6 is performed, and FIG. 8(c) shows 
an eye pattern where the 100 % dispersion compensation 
process illustrated in FIG. 7 is performed. 

As seen in FIG. 8(a), where the 114 % over compensation 
process illustrated in FIG. 6 is performed, the value of 
the Q penalty can reduced and waveform degradation can 
be suppressedmore than that in the alternative case wherein 
the 100 % dispersion compensation process illustrated in 
FIG. 7 is performed. 

It is to be noted that, when the waveform degradation 
just described is evaluated, the sum (DCR + VDC) of the 
dispersion compensation amounts in the dispersion 
compensator/amplifier 21 and the variable dispersion 
compensators 23-1 to 23-44 in the terminal apparatus 20 
for reception described above must be adjusted to set the 
residual dispersion strictly to zero. 

FIG. 9 is a view illustrating a characteristic of 
the Q penalty with respect to the dispersion displacement 
amount Ad [dispersion amount appearing per 1 span x (i 
- dispersion compensation coefficient) ] in the linear 
repeating sections 60-1 to 60-5 where, in the wavelength 
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division multiplexing optical repeating transmission 
systems shown in FIG. 5, the dispersion compensation amount 
DCR in the dispersion compensator/amplifier 21 in the 
terminal apparatus 20 for reception is adjusted to reduce 
the residual dispersion to zero. 

As seen in FIG. 9, where the 114 % over compensation 
process is performed by the dispersion compensator 62 in 
the linear repeating sections 60-1 to 60-5, the value of 
the Q penalty is lower than that in the alternative case 
wherein the 100 % compensation process is performed. In 
particular, the value of the Q penalty is favorable where 
the dispersion displacement amount Ad corresponds to the 
dispersion compensation coefficient of approximately 105 % 
to 120 %, and particularly, the characteristic of the Q 
penalty is most favorable at or around the value of the 
displacement amount Ad = -200ps/nm which corresponds to 
the dispersion compensation coefficient of approximately 
114 %. 

In a wavelength division multiplexing optical 
repeating transmission system lA' shown in FIG. 10, the 
transmission line 40 is divided into six repeating 
intervals 40-1 to 40-6 by five repeating apparatus 30-1 
to 30-5 in the wavelength division multiplexing optical 
repeating transmission system lA described hereinabove 
with reference to FIG. 1 . Further, the repeating intervals 
40-1 to 40-6 are formed from a single mode fiber having 
a length of approximately 100 km, and the dispersion amount 
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appearing in the intermediate wavelength band /L 22 in them 
can be suppressed substantially equal to the dispersion 
amount D . 

Further, the first dispersion compensators 32 of 
5 the repeating apparatus 30-1 to 30-5 perform the 

compensation process with the 100 % dispersion 
compensation coefficient, and the second dispersion 
compensators 35 perform the over compensation process with 
the over compensation coefficient of i3 = 10 %. in other 

10 words, by cooperation of the first dispersion compensator 

32 and the second dispersion compensator 35, the dispersion 
compensation process can be performed with the 110 % 
dispersion compensation coefficient wherein the most 
favorable Q penalty can be obtained. 

15 In this instance, the first dispersion compensator 

32 of the repeating apparatus 30-1 performs the dispersion 
compensation process with a compensation amount -D, and 
the second dispersion compensator 35 of the repeating 
apparatus 30-1 performs the over compensation process with 

20 an over compensation amount -O.lD. Similarly, the first 

dispersion compensator 32 of the repeating apparatus 30-2 
performs the dispersion compensation process with the 
compensation amount -D, and the second dispersion 
compensator 35 of the repeating apparatus 30-2 performs 

25 the over compensation process with the over compensation 

amount -O.ID. 

Similarly, also the compensation amounts and the 
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over compensation amounts of the first and second 
dispersion compensators 32 and 35 in the repeating 
apparatus 30-2 to 30-5 can be calculated using the 
expressions [3a] and [3b] given hereinabove. 
5 In particular, the compensation amounts DCLa#l to 

DCLa#5 in the first dispersion compensators 32 in the 
repeating apparatus 30-2 to 30-5 indicate -0.9D, -0.8D, 
-0.7D, -0.7D, and -0.6D, respectively, and the 
compensation amounts DCLb#l to DCLb#5 in the second 

10 dispersion compensators 35 in the repeating apparatus 30-2 

to 30-5 indicate -O.lD, -0.2D, -0.3D, -0.4D, and -0.5D, 
respectively (refer to FIG. 11) . 

In this manner, according to the first embodiment 
of the present invention, after the first dispersion 

15 compensator 32 optimally compensates for the dispersion 

included in a wavelength division multiplexed optical 
signal propagated through the repeating interval 30-1 to 
30-(N-l) on the terminal apparatus 10 for transmission 
side so as to be included within the tolerance set in advance 

20 (first dispersion compensation step) , an optical add/drop 

multiplexing process can be performed by the optical 
demultiplexer 33 and the optical multiplexer 34 (refer 
to FIG. 2) (optical add/drop multiplexing step) . 
Therefore, the chromatic dispersion of optical signals 

25 to be received by the local stations 50-1 to 50-n can be 

optimally compensated for to improve the characteristic 
of the reception optical signals. Further, the 
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predetermined proportion R for performing the dispersion 
compensation process with the over compensation amount 
at the second dispersion compensation step can be set so 
as to gradually increase together with the transmission 
5 distance from the terminal apparatus 10 for transmission 

on the optical transmission line 40 to the repeating 
apparatus 30-1 to 30-(N-l). Consequently, the waveform 
degradation of the optical signals of the wavelengths to 
be received by the terminal apparatus 20 for reception 

10 can be optimally compensated for. 

[B] First Modification to the First Embodiment 
FIG. 12 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system IB according to a first modification to the first 

15 embodiment of the present invention . Referring to FIG. 12, 

The wavelength division multiplexing optical repeating 
transmission system IB shown is different from the 
wavelength division multiplexing optical repeating 
transmission system lA described hereinabove with 

20 reference to FIG. 1 in that the first and second dispersion 

compensators 32B and 35B of the repeating apparatus 30-1 
to 30-5 are formed from a variable dispersion compensator 
(VDC) which can vary a setting of a dispersion amount therein. 
The configuration of the wavelength division multiplexing 

25 optical repeating transmission system IB except the 

difference just described is basically similar to that 
of the wavelength division multiplexing optical repeating 
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transmission system lA. 

Also in the repeating apparatus 30-1 to 30-5 formed 
as just described, similarly as in those in the first 
embodiment, after the first dispersion compensator 32B 
5 compensates for the dispersion included in a wavelength 

division multiplexed optical signal propagated through 
the repeating intervals 30-1 to 30-(N-l) on the terminal 
apparatus 10 for transmission side can be optimally 
compensated for so as to be included within a tolerance 

10 set in advance (first dispersion compensation step) , the 

predetermined proportion R for performing the dispersion 
compensation process with the over compensation amount 
(in the second dispersion compensation step) in the 
dispersion compensator 35B can be set so as to gradually 

15 increase together with the transmission distance from the 

terminal apparatus 10 for transmission on the optical 
transmission line 40 to the repeating apparatus 30-1 to 
30-(N-l) . Therefore, advantages similar to those of the 
first embodiment described hereinabove can be achieved 

20 by the wavelength division multiplexing optical repeating 

transmission system IB. 

Further, in the configuration of the repeating 
apparatus 30-1 to 30-5 shown in FIG. 1 (or FIG. 5) in the 
first embodiment described hereinabove, a large number 

25 of different fixed dispersion compensators corresponding 

to the first and second dispersion compensators 32 and 
35 in the repeating apparatus 30-1 to 30-(N-l) must be 



prepared. However, according to the configuration of the 
present modification, only it is necessary to prepare one 
kind of a variable dispersion compensator and change the 
setting value therein. Therefore, a network for 
compensating for dispersion can be constructed readily. 
Further, there is an advantage also in that, even if 
transmission parameters such as the bit rate and the length 
of a transmission line vary to vary the optimum value of 
the proportion or the total amount of the dispersion 
compensation amounts in the preceding and succeeding 
stages, if the setting of the compensation amount of the 
variable dispersion compensator is changed, then the 
problem of the variation just described can be coped with 
readily . 

[C] Second Modification to the First Embodiment 
FIG. 13 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system IC according to a second modification to the first 
embodiment of the present invention. Referring to FIG. 13, 
the wavelength division multiplexing optical repeating 
transmission system IC shown is different from the 
wavelength division multiplexing optical repeating 
transmission system lA described hereinabove with 
reference to FIG. 1 in that the repeating apparatus 30-1 
to 30-5 include a variable dispersion slope compensator 
37 for compensating for a variable dispersion slope in 
the preceding stage to the add/drop multiplexing process 
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in the optical multiplexer 33 in addition to the components 
shown in FIG, 2 . 

In the configuration shown in FIG. 5, the proportion 
of the dispersion compensation amounts in the first and 
second dispersion compensators 32 and 35 is adjusted so 
that the residual dispersion in the repeating apparatus 
30-1 to 30-5 is reduced to zero in the central wavelength 
(for example, X 22) . Actually, however, there is the 
possibility that a dispersion amount at a position (refer 
to points Ci to C5 of FIG. 14) at which the optical add/drop 
multiplexing process is performed for another channel may 
remain to such a degree that it has an influence on the 
dispersion tolerance due to the residual dispersion slope 
in the transmission line fiber and dispersion 
compensators . 

For example, where the dispersion amount appearing 
in a wavelength division multiplexing optical signal 
propagated through the optical fiber 41-1 includes a 
dispersion amount D >l 1 in a component of the wavelength 
yli, another dispersion amount D >L 22 in a component of the 
wavelength X 22 and a further dispersion amount D A. 44 in 
a component of the wavelength ;i 44 as seen in FIG. 14, if 
only the dispersion compensation process with reference 
to the central wavelength X 22 by the first and second 
dispersion compensators 32 and 35 is performed, then the 
residual dispersion cumulatively increases as the 
transmission distance, that is, the number of repeating 
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stages, increases . 

For example, the dispersion of the residual 
dispersion amounts DCS 1 i to DCS ^ 44 of the wavelengths at 
a position (refer to C5 of FIG. 14) at which an add/drop 
multiplexing process is performed in the repeating 
apparatus 30-5 exhibits a cumulative increase when 
compared with the dispersion of the residual dispersion 
amounts DCl 1 1 to DCl 1 44 at another position (refer to Ci 
of FIG. 14) at which an add/drop multiplexing process is 
performed in the repeating apparatus 30-1. 

The variable dispersion slope compensator 37 in the 
repeating apparatus 30-1 to 30-5 in the present 
modification is provided to compensate for such a 
dispersion slope as described above at the individual 
repeating stages and compensates for the dispersion slope 
of a wavelength division multiplexed optical signal after 
the dispersion compensation process by the first 
dispersion compensator 32 to make the dispersion amounts 
of the wavelengths A 1 to X 44 equal to the dispersion amount 
(point at which the dispersion amount is zero, refer to 
points Ci to C5 of FIG. 15) of the wavelength A 22. 
Consequently, the residual dispersion slope can be 
prevented f romincreasing cumulatively as the transmission 
distance increases . 

In the repeating apparatus 30-1 to 30-5 having the 
configuration described above, where a residual dispersion 
appears in an optical signal of each wavelength before 
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and after the optical add/insertion multiplexing in the 
optical add/drop multiplexing process at the optical 
add/drop multiplexing step (by the optical demultiplexer 
33 and the optical multiplexer 34 shown in FIG. 2), the 
residual dispersion is compensated for by the variable 
dispersion slope compensator 37 (residual dispersion 
compensation step) . 

More particularly, the residual dispersion slope 
of a wavelength division multiplexed optical signal having 
been compensated for with a dispersion amount with which 
the dispersion amount of the intermediate wavelength 122 
is reduced to zero by the first dispersion compensator 
32 (first dispersion compensation step) of the repeating 
apparatus 30-1 to 30-5 is compensated for by the variable 
dispersion slope compensator 37 (residual dispersion 
compensation step) . 

The wavelength division multiplexed optical signal 
having the residual dispersion slope compensated for in 
this manner is signaled to the repeating interval 40-2 
to 40-6 in the following stage after it is subject to the 
optical add/drop multiplexing process by the optical 
demultiplexer 3 3 and the optical multiplexer 34 , the second 
dispersion compensation process by the second dispersion 
compensator 35 and the amplification process by the 
amplifier 36. 

In this manner, according to the second modification 
to the first embodiment of the present invention, the 
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residual dispersion slope of a wavelength division 
multiplexed optical signal having been compensated for 
with a dispersion amount with which the dispersion amount 
of the intermediate wavelength X 22 is reduced to zero at 
the first dispersion compensation step can be compensated 
for by the variable dispersion slope compensator 37 at 
the residual dispersion compensation step. Consequently, 
the residual dispersion slope can be prevented from 
increasing cumulatively as the transmission distance 
increases. 

Further, since the predetermined proportion R for 
performing the dispersion compensation process with an 
over compensation amount in the second dispersion 
compensator 35 (at the second dispersion compensation 
step) can be set so as to gradually increase together with 
the transmission distance from the terminal apparatus 10 
for transmission on the optical transmission line 40 to 
the repeating apparatus 30-1 to 30-{N-l). 

It is to be noted that, while, in FIG. 13, the variable 
dispersion slope compensator 37 is used for compensation 
of the residual dispersion slope, according to the present 
invention, the method of the compensation is not limited 
to this, but a number of different fixed dispersion slope 
compensators of different slope values are prepared such 
that a fixed dispersion slope compensator suitable for 
a dispersion slope residual amount measured actually in 
each of the repeating intervals 40-1 to 40-5 is used for 
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the repeating section. 

Further, as occasion demands , such a dispersion slope 
compensation as described above may be provided not at 
a position following the first dispersion compensator 32 
(for example, the position A of the repeating apparatus 
30-1 in FIG. 13) but at another position (C) preceding 
to the second dispersion compensator 35 or at a further 
position (D) following the second dispersion compensator 
35 . Further, the dispersion compensators at the positions 
(A to D) described above may be disposed in a suitable 
combination . 

[D] Third Modification to the First Embodiment 

FIG. 16 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system ID according to a third modification to the first 
embodiment of the present invention. Referring to FIG. 16, 
the wavelength division multiplexing optical repeating 
transmission system ID shown is different from the 
wavelength division multiplexing optical repeating 
transmission system lA described hereinabove with 
reference to FIG. 1 in that the repeating apparatus 30-1 
to 30-5 include, in addition to the components shown in 
FIG. 2, variable dispersion compensators 38-1 to 38-n and 
39-1 to 39-n. 

In the configuration described hereinabove with 
reference to FIG. 5, the proportion between the dispersion 
compensation amounts of the first dispersion compensator 
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32 and the second dispersion compensator 35 is adjusted 
so that the residual dispersion appearing in the 
intermediate wavelength band X 22 in each of the repeating 
apparatus 30-1 to 30-5 may be reduced to zero. In addition 

5 to the dispersion compensation processes by the first 

dispersion compensator 32 and the second dispersion 
compensator 35 described hereinabove, the variable 
dispersion compensators 38-1 to 38-n in the present 
modification compensate for the residual dispersion slopes 

10 of optical signals to be signaled to the local stations 

50-1 to 50-n, respectively. Meanwhile, the variable 
dispersion compensators 39-1 to 39-n compensate for the 
residual dispersion slopes of optical signals to be added 
to the wavelength division multiplexed optical signal on 

15 the optical transmission line 40 from the local stations 

50-1 to 50-n, respectively. 

In each of the repeating apparatus 30-1 to 30-5 of 
the wavelength division multiplexing optical repeating 
transmission system ID having the configuration described 

20 above, if a residual dispersion appears in an optical signal 

of an wavelength before and after the optical add/drop 
multiplexing (in this instance, after the optical drop 
multiplexing and before the optical add multiplexing) in 
the optical add/drop multiplexing process at the optical 

25 add/drop multiplexing step (by the optical demultiplexer 

33 and the optical multiplexer 34 shown in FIG. 2) , then 
the variable dispersion slope compensator 37 compensates 
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for the residual dispersion (residual dispersion 
compensation step) . 

In particular, a wavelength division multiplexed 
optical signal which has been compensated for with a 
5 dispersion amount with which the dispersion amount of the 

intermediate wavelength X 22 is reduced to zero by the first 
dispersion compensator 32 (first dispersion compensation 
step) of each of the repeating apparatus 30-1 to 30-5 is 
wavelength demultiplexed by the optical demultiplexer 33, 

10 and resulting optical signals having wavelengths allocated 

as reception wavelengths to the local stations 50-1 to 
50-n are outputted to the variable dispersion compensators 
38-1 to 38-n, respectively. The variable dispersion 
compensators 38-1 to 38-n compensate for the residual 

15 dispersion slopes of optical signals to be signaled to 

the local stations 50-1 to 50-n and then signal the optical 
signals of the pertaining wavelengths to the local stations 
50-1 to 50-n, respectively. 

on the other hand, optical signals from the local 

20 stations 50-1 to 50-n are inputted to the variable 

dispersion compensators 39-1 to 39-n, respectively, by 
which the residual dispersion slopes thereof are 
compensated for. Then, the optical add/drop multiplexing 
process is performed for the optical signals from the 

25 variable dispersion compensators 39-1 to 39-n by the 

optical multiplexer 34. 

In this manner, according to the third modification 
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to the first embodiment of the present invention, the 
residual dispersion slopes of optical signals to be added 
by the optical multiplexer 34 (to be added from the local 
stations 50-1 to 50-n) together with optical signals 
dropped by the optical demultiplexer 33 (to be signaled 
to the local stations 50-1 to 50-n) can be compensated 
for by the variable dispersion compensators 38-1 to 38-n 
and 3 9-1 to 3 9-n . Consequently, there is an advantage that 
the displacement of the dispersion amount between optical 
signals from the local stations 50-1 to 5 0-n can be adjusted 
together with the displacement of the dispersion amount 
between optical signals of the wavelengths to be signaled 
to the local stations 50-1 to 50-n. 

Further, since the predetermined proportion R for 
performing the dispersion compensation process with an 
over compensation amount by the second dispersion 
compensator 35 (at the second dispersion compensation 
step) can be set so as to gradually increase together with 
the transmission distance of the terminal apparatus 10 
for transmission on the optical transmission line 40 to 
the repeating apparatus 30-1 to 30-(N-l), advantages 
similar to those of the first embodiment described 
hereinabove, can be achieved. 

It is to be noted that, while it is necessary to 
provide the variable dispersion compensators 38-1 to 38-n 
and 39-1 to 39-n described above for the individual optical 
wavelengths allocated for transmission and reception to 
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the local stations 50-1 to 50-n, since they are used to 
compensate for a comparatively small dispersion amount 
of a residual dispersion slope, they may have a small range 
for variation of the dispersion amount and therefore can 
be implemented using a less expensive and small-size 
device • 

[E] Fourth Modification to the First Embodiment 
FIG. 17 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system IE according to a fourth modification to the first 
embodiment of the present invention. Referring to FIG. 17, 
the wavelength division multiplexing optical repeating 
transmission system IE shown is different from the 
wavelength division multiplexing optical repeating 
transmission system lA of the first embodiment described 
hereinabove in that the amplifier 13 of the terminal 
apparatus 10 for transmission is formed as a dispersion 
compensator/amplifier 13D and the dispersion compensation 
amount in the dispersion compensator/amplifier 13D is set 
in accordance with transmission conditions such as the 
type of the fiber, the transmission distance and the bit 
rate . 

The configuration of the wavelength division 
multiplexing optical repeating transmission system IE 
except the dispersion compensator /amplifier 13D described 
above is basically similar to that of the first embodiment 
described hereinabove. 
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In particular, the dispersion compensation amount 
DCT in the dispersion compensator /amplifier 13D is set 
to -Dt as seen in FIG. 18, and consequently, the first 
dispersion compensator 32 in the repeating apparatus 30-1 
to 30-(N-l) performs a dispersion compensation process 
with a compensation amount equal to a value obtained by 
adding +Dt to the compensation amount (refer to the 
expression [3a]) used in the first embodiment described 
hereinabove. Similarly, the second dispersion 

compensator 35 performs a dispersion compensation process 
with an over compensation amount equal to a value obtained 
by adding -Dt to the compensation amount (refer to the 
expression [3b]) used in the first embodiment described 
hereinabove . 

Consequently, for an optical signal of the 
intermediate wavelength band X 22, the residual dispersion 
at the position of a band dividing apparatus at the position 
of the optical demodulator 22 after the dispersion 
compensation by the dispersion compensator/optical 
amplifier 21 can be reduced to zero. Further, the terminal 
apparatus 10 for transmission and the terminal apparatus 
20 for reception take charge of the compensation by the 
compensation amount DCR in the dispersion 
compensator/amplifier 21 of the terminal apparatus 20 for 
reception in the first embodiment described above in 
accordance with the transmission conditions such as the 
fiber type, transmission distance and bit rate. 
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Accordingly, also in the fourth modification to the 
first embodiment of the present invention, similar 
advantages to those of the first embodiment described 
hereinabove can be achieved. Further, since the terminal 
apparatus 10 for transmission and the terminal apparatus 
20 for reception can take charge of the compensation by 
the compensation amount DCR in the dispersion 
compensator/optical amplifier 21 in the terminal apparatus 
20 for reception in the first embodiment described 
hereinabove, the wavelength divisionmultiplexing optical 
repeating transmission system IE has an advantage that 
optimum dispersion compensation functions in accordance 
with transmission conditions can be disposed. 

Also in the terminal apparatus 10 for transmission 
in the wavelength division multiplexing optical repeating 
transmission systems lA, lA' and IB to ID according to 
the first embodiment and the first to third modifications 
to the first embodiment described above, it is possible 
to apply the dispersion compensator/amplifier 13D with 
a dispersion compensation function to the amplifier 13 
of the terminal apparatus 10 for transmission similarly 
as in the case of FIG. 17. In this instance, however, the 
dispersion compensation amount is set to zero. 

Also it is naturally possible to modify the 
wavelength division multiplexing optical repeating 
transmission systems IB to ID according to the first to 
third modifications to the first embodiment described 
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above such that the dispersion compensation amount in the 
dispersion compensator/amplifier 13D is set in accordance 
with transmission conditions such as the fiber type, 
transmission distance and bit rate. 
[F] Second Embodiment 

FIG. 19 is a block diagram showing a wavelength 
division multiplexing optical repeating transmission 
system 2 according to a second embodiment of the present 
invention. Referring to FIG. 19, the wavelength division 
multiplexing optical repeating transmission system2 shown 
is different from the wavelength division multiplexing 
optical repeating transmission system lA according to the 
first embodiment described hereinabove in that it includes 
a dispersion compensator /amplifier 13D similar to that 
described hereinabove with reference to FIG. 17. The 
wavelength division multiplexing optical repeating 
transmission system 2 is further different from the 
wavelength division multiplexing optical repeating 
transmission system lA in a mode of dispersion compensation 
by a first dispersion compensator 32F and a second 
dispersion compensator 35F in the repeating apparatus 30-1 
to 3 0- (N-1 ) . It is to be noted that the wavelength division 
multiplexing optical repeating transmission system 2 has 
a basically similar configuration to that of the wavelength 
division multiplexing optical repeating transmission 
system lA of the first embodiment described hereinabove 
except the dispersion compensator /amplifier 13D and the 
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repeating apparatus 30-1 to 30-(N-l) described above. 

In particular, the dispersion compensation amount 
DCT in the dispersion compensator /amplifier 13D is set 
to -Dt and the first dispersion compensator 32F in each 
of the repeating apparatus 30-1 to 30-(N-l) compensates 
for the dispersion included in a wavelength division 
multiplexed optical signal propagated in the repeating 
interval 40-1 to 40-(N-l) on the terminal apparatus 10 
side for transmission so as to be included within a tolerance 
set in advance (for example, so as to reduce the dispersion 
amount to zero) . 

Further, the second dispersion compensator 35F in 
each of the repeating apparatus 30-1 to 30-(N-l) performs 
a dispersion compensation process with an over 
compensation amount for a wavelength division multiplexed 
optical signal for which an optical add/drop multiplexing 
process has been performed by the optical demultiplexer 
33 and the optical multiplexer 34 (refer to FIG. 2) so 
that the sum of the compensation amount in the first 
dispersion compensator 32F and the compensation amount 
in the second dispersion compensator 35F may exhibit a 
predetermined proportion to the sum total of the dispersion 
appearing in the repeating intervals. The predetermined 
proportion to be used for the dispersion compensation with 
the over compensation amount is set so as to gradually 
decrease together with the transmission distance from the 
terminal apparatus 10 for transmission to the position 
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at which the repeating apparatus 30-1 to 30-(N-l) is 
disposed. 

More particularly, where the dispersion amount 
appearing in an optical signal of the intermediate 
5 wavelength 1 22 in the repeating interval 40-1 is 

represented by Di, the optimum dispersion compensation 
amount DCLa#l in the first dispersion compensator 32F of 
the repeating apparatus 30-1 described above can be 
represented, for example, as an expression [6a] given below. 
10 Consequently, the first dispersion compensator 32 of the 

repeating apparatus 30-1 can suppress the chromatic 
dispersion appearing in the optical signal of the 
intermediate frequency 1 22 in the repeating interval 40-1 
to zero (refer to a point Ci of FIG. 20) . 
15 DCLa#l = -Di + Dt ... [6a] 

Meanwhile, the over compensation amount DCLb#l in 
the second dispersion compensator 35F of the repeating 
apparatus 30-1 can be determined, for example, as a value 
obtained by adding, to the over compensation amount -Dt 
20 in the dispersion compensator/amplifier 13D, a value 

obtained by multiplying the dispersion amount Di appearing 
in the intermediate wavelength X 22 in the repeating 
interval 40-1 described above by a fixed non-compensation 
coefficient y (the compensation coefficient is 1-y) (refer 
25 to FIG. 20) as represented by an expression [6b] . 

DCLb#l = -Dt + (y ^ Di) = +yDi " ... [6b] 

Further, where the dispersion amount caused to appear 
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in an optical signal of the intermediate wavelength X 22 
by the repeating interval 40-2 is represented by D2/ the 
optimum dispersion compensation amount DCLa#2 in the first 
dispersion compensator 32F of the repeating apparatus 30-2 
described above can be represented, for example, as an 
expression [7a] given below. 

In particular, since the dispersion amount of the 
optical signal of the intermediate wavelength /1 22 at a 
point of time when the optical signal is signaled from 
the repeating apparatus 30-1 to the repeating interval 
40-2 is a value indicated by the expression [6b], the 
dispersion amount to be compensated for by the first 
dispersion compensator 32F of the repeating apparatus 30-2 
is a value obtained by adding the dispersion amount D2 to 
the value indicatedby the expression [6b] (refer to FIG. 3) . 
It is to be noted that an actual compensation amount is 
obtained by converting the value of the dispersion amount 
into a negative value. 

DCLa#2 = -(+yDi - Dt + D2) = -YDi - D2 + Dt ... [7a] 
Further, the over compensation amount DCLb#l in the 
second dispersion compensator 35F of the repeating 
apparatus 30-2 can be determined, for example, as a value 
obtained by adding, to the over compensation amount -Dt 
in the dispersion compensator/amplifier 13D, a value 
obtained by multiplying the cumulative dispersion amount 
Di + D2 appearing in the two repeating intervals 40-1 and 
40-2 described above by the fixed non-compensation 

57 



coefficient y (refer to FIG. 20) as represented by an 
expression [7b] . 

DCLb#2 = -Dt + y(Di + D2) ... [7b] 

Also the first dispersion compensator 32F and tlie 
second dispersion compensator 35F in the repeating 
apparatus 30-3 to 30- (N-1) can calculate similarly to those 
in the repeating apparatus 30-1 and 30-2 described above. 

An expression [8a] indicates the optimum dispersion 
compensation amount DCLa#i to be used for compensation 
by the first dispersion compensator 32F in the repeating 
apparatus 30-i [i; 2 to N-1] . With the compensation amount 
DCLa#i, the first dispersion compensator 32F in each of 
the repeating apparatus 30-2 to 30- (N-1) can reduce the 
chromatic dispersion appearing in an optical signal of 
the intermediate wavelength X 22 in the repeating intervals 
40-2 to 40- (N-1) in the preceding stage to zero (refer 
to points C2 to Cn-i of FIG. 20) . 

Meanwhile, another expression [8b] indicates the 
over compensation amount DCLb#i to be used for compensation 
in the second dispersion compensator 35F in the repeating 
apparatus 30-i [i; 2 to N-1] (refer to FIG. 20) . 

1-1 

DCLa#i = -r^D.-D,+Dj, ... [8a] 

y=i 

DCLb#i = ^rY,Dj-Dr ... [8b] 

7=1 

In particular, the optimum dispersion compensation 
amount DCLa#i in the first dispersion compensator 32F can 
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be derived using the dispersion Di appearing in the 
intermediate frequency X 22 of a wavelength division 
multiplexed optical signal propagated through the 
repeating interval 40-(i-l) and the cumulative value of 
the over compensation amounts in the repeating intervals 
40-1 to 40- (i-1) • Further, from the expression [8b] given 
above, the magnitude of the over compensation amount 
decreases (the absolute value of the value of the expression 
[8b] decreases) as the transmission distance from the 
terminal apparatus 10 for transmission increases. 

Further, the proportion Ri of the dispersion 
compensation value in the second dispersion compensator 
35F to the sum of the dispersion compensation values in 
the first dispersion compensator 32F and the second 
dispersion compensator 35F in the repeating apparatus 30-1 
described above is given by an expression [ 9-1] . Further, 
the proportion Ri of the dispersion compensation value of 
the second dispersion compensator 35F to the sum of the 
dispersion compensation values of the first dispersion 
compensator 32F and the second dispersion compensator 35F 
in the repeating apparatus 30-i is given by another 
expression [9-i] using results of the expression [8a] and 
the expression [8b] . It is to be noted that the expression 
[9-i] applies also where i = 1 (that is, Ri) . 

Ri= — ' = — ... [9-1] 

-D.+Dj.+yD.-Dr D,{y-\) 
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[9-i] 



Here, if it is assumed that each of the repeating 
intervals 40-1 to 40-(N-l) is formed from a single mode 
fiber (SMF) of approximately 100 km, then the transmission 
line dispersion amounts of the repeating intervals 40-1 
to 4 0- (N-1 ) can be set to dispersion amounts D substantially 
equal to each other. In this instance, the expression 
[9-i] given above can be represented as in the following 
expression [ 9' ] . 

r±Dj-Dr 
R^=-^ ^-Z^^ 

Here, the preceding term of the expression [9' ] has 
a negative value which decreases as the position at which 
the repeating apparatus 30-i is disposed is spaced away 
by an increased distance from the terminal apparatus 10 
for transmission while the succeeding term has a fixed 
positive value. In other words, the proportion Ri of the 
over compensation amount in the second dispersion 
compensator 35F to the sum of the dispersion compensation 
amounts in the first dispersion compensator 32F and the 
second dispersion compensator 35F is set so as to gradually 
vary (gradually decrease) as the position at which the 
repeating apparatus 30-i is disposed is spaced away by 
an increased distance from the terminal apparatus 10 for 
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transmission, that is, as the transmission distance of 
the repeating apparatus 30-i from the terminal apparatus 
10 for transmission increases. 

Also in the wavelength division multiplexing optical 
5 repeating transmission system 2 according to the second 

embodiment of the present invention having the 
configuration described above, similarly as in the first 
embodiment, the first dispersion compensator 32 F optimally 
compensates for the dispersion included in a wavelength 

10 division multiplexed optical signal propagated through 

the repeating interval 30-1 to 30-(N-l) on the terminal 
apparatus 10 side for transmission so as to be included 
within the tolerance set in advance (first dispersion 
compensation step) , and the proportion R (refer to the 

15 expression [9']) for performing the dispersion 

compensation process with the over compensation amount 
by the second dispersion compensator 35F (at the second 
dispersion compensation step) is set so as to gradually 
decrease as the location of the repeating apparatus 30-1 

20 to 30-(N-l) is spaced by an increased distance away from 

the terminal apparatus 10 for transmission on the optical 
transmission line 40. 

Accordingly, according to the second embodiment of 
the present invention, after the first dispersion 

25 compensator 32F optimally compensates for the dispersion 

included in a wavelength division multiplexed optical 
signal propagated through the repeating interval 30-1 to 
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30- (N-1 ) on the terminal apparatus 10 side for transmission 
so as to be included within the tolerance set in advance 
(first dispersion compensation step) , an optical add/drop 
multiplexing process can be performed by the optical 
5 demultiplexer 33 and the optical multiplexer 34 (refer 

to FIG. 2) (optical add/drop multiplexing step) • 
Therefore, the chromatic dispersion of optical signals 
to be received by the local stations 50-1 to 50-n can be 
optimally compensated for to improve the characteristic 

10 of the reception optical signals . Further, the proportion 

R of the over compensation amount at the second dispersion 
compensation step to the sumof the dispersion compensation 
amounts at the first and second dispersion compensation 
steps can be set so as to gradually decrease together with 

15 the transmission distance from the terminal apparatus for 

transmission on the optical transmission line to the 
repeating apparatus. Consequently, the waveform 

degradation of the optical signals of the wavelengths to 
be received by the terminal apparatus 20 for reception 

20 can be optimally compensated for. 

Also in the terminal apparatus 10 for transmission 
in the wavelength division multiplexing optical repeating 
transmission systems IB to ID according to the first to 
third modifications to the first embodiment described 

25 above, it is naturally possible to set the predetermined 

proportion R for performing the dispersion compensation 
process with an over compensation amount at the second 



dispersion compensation step so as to gradually decrease 
together with the transmission distance from the value 
-Dt for the over compensation by the terminal apparatus 
10 for transmission similarly as in the case of FIG. 19. 
[G] Others 

In the embodiments described above, the repeating 
apparatus 30-1 to 30-(N-l) described in detail above are 
configured such that the amplifiers 31 and 36 and the 
dispersion compensators 32 and 35 are formed separately 
from each other as seen in FIG. 2, according to the present 
invention, the configuration of the repeating apparatus 
30-1 to 30-(N-l) is not limited to this, but, for example, 
the amplifier 31 and the first dispersion compensator 32 
or the amplifier 36 and the second dispersion compensator 
35 may be formed as a single circuit. 

The present invention is not limited to the 
embodiment specifically described above, and variations 
and modifications can be made without departing from the 
scope of the present invention. 
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